Up-regulation of the cAMP pathway by forskolin or ␣-melanocyte stimulating hormone induces melanocyte and melanoma cell differentiation characterized by stimulation of melanin synthesis and dendrite development. Here we show that forskolin-induced dendricity is associated to a disassembly of actin stress fibers. Since Rho controls actin organization, we studied the role of this guanosine triphosphate (GTP)-binding protein in cAMP-induced dendrite formation. Clostridium botulinum C3 exotransferase, which inhibits Rho, mimicked the effect of forskolin in promoting dendricity and stress fiber disruption, while the Escherichia coli toxin cytotoxic necrotizing factor-1 (CNF-1), which activates Rho and the expression of a constitutively active Rho mutant, blocked forskolininduced dendrite outgrowth. In addition, overexpression of a constitutively active form of the Rho target p160 Rho-kinase (P160 ROCK ) prevented the dendritogenic effects of cAMP. Our results suggest that inhibition of Rho and of its target p160 ROCK are required events for cAMP-induced dendrite outgrowth in B16 cells. Furthermore, we present evidence that Rho is involved in the regulation of melanogenesis. Indeed, Rho inactivation enhanced the cAMP stimulation of tyrosinase gene transcription and protein expression, while Rho constitutive activation impaired these cAMP-induced effects. This reveals that, in addition to controlling dendricity, Rho also participates in the regulation of melanin synthesis by cAMP.
INTRODUCTION
Melanocytes are epidermal cells that are derived from the neural crest. During embryonic development, melanocyte precursors migrate to the basal layer of the epidermis where they differentiate and acquire the capacity to synthesize and distribute melanin pigment to surrounding keratinocytes (Fitzpatrick et al., 1979; Le Douarin, 1982) . Two main features characterize melanocyte differentiation: 1) an increased melanin synthesis due to the up-regulation of tyrosinase, the rate-limiting enzyme in the melanin synthesis cascade (Hearing and Jimenez, 1989; Hearing and Tsukamoto, 1991) , and 2) a stimulation of dendrite outgrowth that ensures melanin distribution within the skin (Buscà et al., 1996) . In melanocytes, melanin is stored in discrete subcellular organelles (melanosomes) redistributed from the perinuclear area to the growing dendrites during differentiation. Melanin pigment provides photoprotection against UV radiation damaging and carcinogenic effects. This system constitutes a clear physiological example of cellcell interactions that result in the tanning response (reviewed by Gilchrest et al., 1996) .
␣-Melanocyte-stimulating hormone (␣-MSH), 1 which up-regulates the cAMP pathway in melanocyte cells, and other cAMP-elevating agents, such as forskolin, isobutylmethylxanthine, or cholera toxin, induce melanocyte and melanoma cell differentiation (Wong and Pawelek, 1975; Halaban et al., 1983; Hearing and Tsukamoto, 1991; Hunt et al., 1994; Englaro et al., 1995) . The mechanisms of cAMP induction of melanogenesis are currently not fully elucidated. We previously reported that cAMP elevating agents are able to activate the MAP kinase pathway (Englaro et al., 1995) . More recently, we showed that cAMP inhibits both phosphatidylinositol-3 kinase (PI3-K) and p70 S6 kinase (p70 S6K ) in the same cell system. Furthermore, we also demonstrated that inhibition of PI3-K by the specific inhibitor LY294002 promotes a strong melanogenic effect and induces dendrite outgrowth in B16 cells, while inhibition of the PI3-K target p70 S6 K by rapamycin leads to an increased melanogenesis without dendrite formation (Buscà et al., 1996) . These observations led us to conclude that cAMP might exert its melanogenic role by inhibiting the PI3-K/p70 S6K pathway, but have raised new questions concerning the induction of dendrite outgrowth by PI3-K inhibition. The fact that only PI3-K inhibition but not p70 S6K inhibition promotes dendricity, has suggested the existence of other PI3-K targets involved in dendrite outgrowth.
In this report, we first studied early events involved in the control of dendrite formation during cAMPinduced differentiation of B16 melanoma cells. We showed that the actin cytoskeleton becomes reorganized upon treatment with cAMP-elevating agents. These actin cytoskeleton rearrangements are characterized by the disappearance of stress fibers. Formation of stress fibers is controlled by the small GTPbinding protein Rho (Ridley and Hall, 1992) and by its downstream target, the Ser/Thr kinase P160 ROCK (Ishizaki et al., 1996; Leung et al., 1996; Matsui et al., 1996) . Rho-GTP binds and activates P160 ROCK , which then indirectly promotes MLC phosphorylation leading to actin bundling and stress fiber formation Chrzanowska-Wodnicka and Burridge 1996; Kimura et al., 1996) . Since in B16 melanoma cells cAMP up-regulation induces disassembly of these actin structures, we focused our attention to the putative role of the small GTP-binding protein Rho in cAMPinduced dendrite outgrowth in this melanocyte cell system.
Several tools are now available to study Rho. Among them we find the bacterial Clostridium difficile toxin B (Just et al., 1994 (Just et al., , 1995 , which inactivates the Rho family of small GTP-binding proteins (Rho, Rac, and Cdc42) by UDP-glucosylation, the Clostridium botulinum C3 ADP-ribosyl transferase, which specifically inactivates Rho (Rubin et al., 1988) , and the E. coli cytotoxic necrotizing factor-1 (CNF-1) shown recently to constitutively activate this GTP-binding protein (Flatau et al., 1997) . Using these toxins and overexpression of Rho mutants in transfected cells, here we present evidence that Rho inhibition is required for dendrite development in B16 melanoma cells. Furthermore we show that P160 ROCK might function downstream of Rho to regulate dendricity in this cell system. Finally we present data suggesting that Rho inhibition leads to a stimulation of tyrosinase expression, indicating a connection between Rho and melanogenesis.
MATERIALS AND METHODS

Materials
DMEM, penicillin, streptomycin, IBMX, forskolin, ␣-MSH, BSA, protein A-Sepharose, 4-(2-aminoethyl)-benzene-sulfonyl fluoride (AEBSF), aprotinin, leupeptin, paraformaldehyde, NH 4 Cl, and Triton X-100 were purchased from Sigma (St. Louis, MO). FCS, lipofectamine, and optimem were from GIBCO-BRL (Gaithersburg, MD). Immunofluorescence mounting medium was from ICN (Costa Mesa, CA), and the DNA prep kit for transfecting was from Qiagen (Courtaboeuf, France).
Cell Culture
B16/F10 murine melanoma cells were cultured in DMEM with 10% FCS (100 IU/50 g/ml of penicillin and streptomycin), in a humidified atmosphere containing 5% CO2 at 37°C.
Toxins
Toxin B and CNF-1 were incubated for at least 4 h to allow the toxins to penetrate the cells and have an action on Rho. The C3 chymera toxin (named ETA-C3) was constructed by adding the membrane binding and the translocation domains of the exotoxin A of Pseudomonas aeruginosa to the C3 exotransferase from Clostridium botulinum, and it was provided by S. Contamin (INSERM U452, Nice, France). This toxin penetrates very slowly into the cells and, therefore, cells were incubated for 60 h with ETA-C3.
Antibodies
The polyclonal anti-tyrosinase antibody PEP7 was purchased from Dr. V. Hearing (NIH, Bethesda, MD) and the dilution used was 1:400 or 1:4000 for immunofluorescence and Western blot, respectively; the anti-␣-tubulin antibody (Amersham, Buckinghamshire, England) was used at 1:100 for immunofluorescence. Phalloidinrhodamine (Molecular Probes, Leiden, Holland) was used at 1:250, and anti-myc monoclonal 9E10, kindly provided by Dr. Tanti (IN-SERM U.145, Nice), was used at 1 g/ml concentration for immunodetections. The HRP-and FITC-conjugated secondary antibodies were from Dakopatts (Zurich, Switzerland) and were used at 1:4000 and 1:50 dilutions, respectively.
Plasmids
pEF-C3 was kindly given by Dr. R. Treisman (London, United Kingdom) (Hill et al., 1995) . pEXVRhoA-V14, pEXVRhoA-N19, and pEXVRac-V12 were purchased from Dr. M. Symons . The constitutively active version of P160 ROCK (pCAGGSp160 ROCK ) has been previously described (Ishizaki et al., 1997) .
Immunofluorescence Microscopy
For immunofluorescence studies, B16 melanoma cells growing on glass coverslips (5000 cells/cm 2 ) were briefly rinsed in PBS and fixed with methanol (Ϫ20°C) for 2 min to determine tyrosinase localization, or in 3% paraformaldehyde and then incubated with 50 mM NH 4 Cl and permeabilized with 0.1% Triton X-100 for 2 min for detection of cytoskeleton proteins. The primary antibody diluted in PBS containing 1% of BSA was applied for 40 min at 37°C, after which cells were washed for 10 min in PBS and exposed to the secondaryantibody.FITC-conjugatedantibodiesorphalloidin-rhodamine was diluted in PBS containing 1% of BSA and applied for 30 min at 37°C. The coverslips were rinsed in PBS for 10 min and were observed and photographed with a Zeiss-Axiophot fluorescence microscope (Carl Zeiss, Thornwood, NY) by using Kodak T-Max 400 Iso film.
Transfection
For immunofluorescence analysis, B16 melanoma cells on glass coverslips in 12-well dishes were transfected using the lipofectamine method with 0.8 g of the corresponding cDNA per well. After 6 h, the transfection medium was changed, and cells were incubated with or without forskolin for 12 h before immunofluorescence analysis. To test the effect of Rho on the tyrosinase promoter activity, B16 cells in 24-well dishes (40,000 cells) were cotransfected using lipofectamine with 0.35 g of the test plasmid (empty vector, pEXVRho-V14 or pEXVRho-N19), 0.2 g of the luciferase reporter plasmid containing a 2.2-kb fragment of the mouse tyrosinase promoter, and 0.05 g of pCMV␤Gal to control the variability of the transfection efficiency. Luciferase assays were performed 48 h after transfection.
Luciferase Assays
Cells were washed with a saline phosphate buffer and lysed with a 25 mM Tris-phosphate (pH 7.8) buffer containing 1% Triton X-100, 2 mM EDTA, and 2 mM DTT. Soluble extracts were harvested and assayed for luciferase by using the luciferase assay system from Promega France (Charbonnières, France) and for ␤-galactosidase activity. The luminometer used was a MicroLumat LB 96P from EG&G Instruments (Evry, France) All transfections were repeated at least five times using different plasmid preparations and gave similar results.
Western Blot Analysis
For tyrosinase immunoblot detection, cells were lysed in phosphate buffer, pH 6.8, containing 1% (wt/vol) Triton X-100, 100 IU/ml aprotinin, and 1 mM AEBSF. The solubilized proteins (25 g) were loaded onto 10% SDS-polyacrylamide gels and transferred onto nitrocellulose (Amersham, England). The membranes were saturated with 5% powdered milk in a saline buffer, and tyrosinase was detected with the polyclonal PEP7 antibody diluted 1:3000 in the saturation buffer, and with a secondary peroxidase-conjugated antirabbit antibody at a 1:4000 dilution. After the antibody incubation, three 10-min washes were performed using a solution containing 0.05% Triton X-100 and 0.5% powdered milk in a saline buffer. The blot was developed using the ECL system from Amersham.
RESULTS
Dendrite Outgrowth Precedes Melanogenesis in cAMP-induced Differentiation of B16 Melanoma Cells
Phase contrast microscopy and immunofluorescence studies (using an anti-tyrosinase antibody) allowed us to evaluate the effects of the cAMP-elevating agent forskolin on cell morphology, tyrosinase expression, and melanosome redistribution ( Figure 1 ). In growing conditions, B16 cells presented a flat fibroblastic appearance with basal tyrosinase levels mainly localized in the perinuclear area ( Figure 1A ). After a 30-min incubation with forskolin, dendricity considerably increased (see arrows in Figure 1B ) while tyrosinase staining remained low. After 12 h of forskolin exposure, dendrite outgrowth was evident with increased tyrosinase expression becoming localized in melanosomes reaching the growing dendrites ( Figure 1C ). Forskolin incubation for 48 h induced strong cell dendricity and much higher tyrosinase expression, and melanosomes at the end of the dendrites appeared heavily labeled ( Figure 1D ). These observations indicate that the effect of cAMP up-regulation on dendrite formation is a quite rapid process preceding tyrosinase protein expression and melanosome relocalization that account for the late melanogenic event. It is worth mentioning that similar results were obtained using ␣-MSH instead of forskolin.
cAMP Dendrite Outgrowth Is Associated with an Actin Cytoskeleton Reorganization
To study cytoskeleton modifications occurring upon dendrite outgrowth, we followed the behavior of the actin and microtubular networks during this cellular process. Immunofluorescence studies to detect F-actin and microtubules were performed. As shown in Figure 2 , a-d, forskolin did not induce a major remodeling of the microtubular network in the cytosol; however, growing dendrites did contain organized microtubules. In nonstimulated cells (NS), actin appeared organized in numerous stress fibers crossing the cytoplasm (Figure 2A ). In the presence of forskolin, these stress fibers were disassembled, leaving only phalloidin-labeled spots (punctate actin) (Figure 2 , B-D). This event could be observed as early as 5 min after the addition of forskolin ( Figure 2B ) and became more evident after 1 h ( Figure 2C ) and 24 h ( Figure  2D ) of forskolin exposure. Western blot analysis to detect actin revealed that cAMP up-regulation did not affect the levels of actin protein (not shown). Thus, cAMP only promoted a rearrangement of the actin cytoskeleton.
Rho Inhibition by C3 Transferase and Toxin B Induces Dendricity While Rho Constitutive Activation by CNF-1 Prevents cAMP Induction of the Dendritic Phenotype
Since Rho plays a crucial regulatory role in F actin reorganization, we thus studied the role of this GTPbinding protein in dendrite formation during cAMPinduced differentiation of B16 cells. First, we incubated cells with either the C. botulinum C3 exoenzyme, which specifically inhibits Rho by ADP-ribosylation . Furthermore, we observed membrane outgrowth resembling dendrites, indicating that Rho inhibition is sufficient to induce dendrite formation. Then CNF-1 was used to constitutively activate Rho as shown in Figure 3 (E and e). CNF-1 did not alter the overall basal shape of B16 cells, but increased stress fiber formation. When cells were pretreated with CNF-1 for 3 h and then stimulated for 30 min with forskolin ( Figure 3 , F and f), no dendrite formation was detected, indicating that constitutive Rho activation prevents cAMP-promoted dendrite outgrowth.
Rho-V14 Blocks Dendrite Induction by cAMP Elevating Agents
To further confirm the specific role of Rho in dendritogenesis, we overexpressed Rho-V14 (constitutively active) tagged with the epitope myc, by cell transfection. Transfected cells were left untreated or were treated with forskolin. Rho-V14 -expressing cells were visualized with the anti-myc 9E10 antibody ( Figure  4A , a and c), and the actin cytoskeleton was labeled with phalloidin-rhodamine ( Figure 4A, b and d) . In the absence of forskolin, RhoV14-expressing cells presented a flattened fibroblastic shape similar to nontransfected cells and, as expected, actin was organized in stress fibers ( Figure 4A, a and b) . When treated with forskolin, RhoV14-positive cells retained their flattened fibroblastic appearance and exhibited stress fibers ( Figure 4A, c and d) , while nontransfected cells showed their usual dendritic morphology and punctate actin distribution ( Figure  4A, d) . Therefore, the specific constitutive activation of Rho prevented forskolin induction of the dendritic phenotype. A dominant negative form of Rho, Rho-N19, was also transfected. Inhibition of Rho by overexpression of Rho-N19 promoted a dendriticlike morphology mimicking the effect of cAMP-elevating agents (data not shown).
It has been reported that Rac, a small GTP-binding protein of the Rho family, activates Rho (Nobes and Hall, 1995) . We thus wanted to assess whether Rac could also be involved in cAMP-induced dendricity. Hence, we transfected B16 cells with the constitutive active mutant of Rac (Rac-V12) tagged with the myc epitope. We observed that the expression of Rac-V12 induced lamellipodia formation and blocked the dendritic phenotype and actin disorganization induced by forskolin ( Figure 4B, c and d) .
Taken together, these experiments show that inhibition of Rho promotes dendrite outgrowth and that nization in stress fibers and blocks dendrite outgrowth induced by cAMP up-regulation.
Rho Inhibition Is Not Only Required for Dendricity but Plays a Role in Melanogenesis Regulation
There is accumulating evidence that Rho family proteins do not only regulate cell morphology and actin organization but can also regulate gene expression (Hill et al., 1995) . We therefore studied whether Rho could be involved in melanogenesis regulation, which is controlled by the tyrosinase enzyme. Effects of toxins on Rho mutants on the activity of the tyrosinase promoter were measured ( Figure 6 ). An empty vector or an exoenzyme C3-expressing plasmid were cotransfected with a reporter plasmid containing a 2.2-kb fragment 5Ј of the transcriptional start site of the mouse tyrosinase gene cloned upstream of the luciferase gene (2.2 MT-luc). Forskolin increased the luciferase activity reflecting a stimulation of the tyrosinase promoter activity, as described . Cotransfection with the C3 exoenzyme encoding plasmid enhanced significantly the stimulation induced by forskolin ( Figure 6A ). Conversely, CNF-1-cell treatment decreased the stimulation of the promoter activity induced by forskolin ( Figure 6A ). Consistent results were obtained when the reporter plasmid 2.2 MT-luc was cotransfected with Rho mutants ( Figure  6B ). The constitutively active mutant of Rho (Rho-V14) reduced the stimulation evoked by forskolin, while the dominant negative mutant, Rho-N19, significantly increased the promoter activity induced by the cAMP. These results indicate that Rho is involved in the transcriptional regulation of tyrosinase.
To provide more direct evidence that Rho plays a role in the regulation of melanogenesis, we tested the effect of toxins acting on Rho, on the expression of the endogenous tyrosinase protein in B16 cells (Figure 7) . Western blot experiments showed that toxin B and C3 increased the amount of tyrosinase protein, thereby mimicking the effect of forskolin. In contrast, CNF-1 diminished the basal and the forskolin-induced increase of tyrosinase. These observations reveal that modulation of Rho activity can affect tyrosinase expression and therefore melanin synthesis.
DISCUSSION
During cAMP-induced differentiation of B16 melanoma cells we observed rapid cell shape alterations characterized by the development of numerous dendrites. To characterize the nature of such changes, we analyzed the behavior of the actin cytoskeleton and the microtubular network upon differentiation. Experimental evidence revealed that microtubules are not significantly altered by cAMP-elevating agents but they invade new growing dendrites, suggesting their active role in the development of these cellular structures. Examination of the actin cytoskeleton showed that dendrite outgrowth is accompanied by a strong disorganization of the actin cytoskeleton leading to stress fiber disruption and appearance of a punctate form of actin. The striking effect of cAMP on actin organization has led us to propose that the retraction of actin stress fibers could be a required early event that, together with a role of microtubules, would be essential to construct new dendritic structures. Indeed, an alternation of actin-and tubulin polymerization-dependent processes in neurite development (Joshi et al., 1985; Dennerl et al., 1988; Gordon-Weeks, 1991) and in the polarity of retinal photoreceptors (Madreperla and Adler, 1989 ) have already been described.
Stress fiber formation has been shown to be controlled by the small GTP-binding protein Rho (Ridley and Hall, 1992) ; we thus studied the role of Rho in the dendritogenic process of B16 melanoma cells. Inhibition of Rho activity, either by toxin B, by the C3 exoenzyme, or by a dominant negative mutant of Rho, promoted dendrite development and actin disorganization, mimicking effects of cAMP-elevating agents. Furthermore, CNF-1, which activates Rho, or the over- expression of a constitutively active form of Rho, Rho-V14, were able to prevent dendritogenesis and actin disorganization induced by forskolin. Studies made in N1E-115 neuroblastoma and PC12 cells have shown consistently that LPA and thrombin, which activate Rho, as well as Rho-V14, cause neurite retraction and cell rounding, while C3 treatment inhibits thrombinand LPA-induced generation of actomyosin-based contractile forces and therefore induces neurite expansion (Rubin et al., 1988; Gebbink et al., 1997) . Therefore, our results, in agreement with those data suggest that Rho inhibition is a required event in the development of dendrite/neurite structures. Further, the small GTP-binding protein Rac has been shown to promote stress fiber formation through Rho activation (Nobes and Hall., 1995) . In B16 cells, overexpression of a constitutive active mutant of Rac blocked forskolininduced dendricity, suggesting that cAMP could inhibit Rac, thus leading to Rho inhibition and stress fiber disorganization.
It is clear from our study that inhibition of Rho leading to dendritogenesis can be induced by a physiological stimulus such as ␣-MSH, which acts on the cAMP pathway. Little information is available concerning the cAMP/PKA action on the actin cytoskeleton and cell shape changes. According to Ridley and Hall (1994) , the increase of the intracellular cAMP levels did not prevent formation of new stress fibers in Swiss 3T3 cells; however, our results are in agreement with those of Lamb et al. (1988) who previously described that cAMP promotes the disassembly of these preexisting actin structures.
To further dissect steps connecting Rho and stress fiber disruption, we focused our attention on the recently described Rho-kinase P160 ROCK Ishizaki et al., 1996) . Overexpression of a constitutive active form of P160 ROCK was able to revert the cAMP-induced dendritic phenotype, indicating that inhibition of the kinase, due to Rho inactivation by cAMP, could play a role in dendrite formation. Inactivation of P160 ROCK would decrease myosin light chain phosphorylation, leading to a decrease in actin bundling and consequently to stress fiber disassembly.
Some other targets of Rho have been identified, among them PKN, Citron, Rhotekin, and Rhophilin (reviewed by Tapon and Hall, 1997) . We cannot eliminate the possibility that some of these Rho targets could also participate in the cAMP and Rho action to induce dendrite outgrowth in the melanocyte cell system.
Together with dendrite formation, melanin synthesis is the second feature characterizing melanocyte and melanoma cell differentiation. Using toxins and Rho mutants, we show that Rho inhibition by itself induces tyrosinase protein expression and enhances the effect of cAMP on the mouse tyrosinase promoter activity. Rho constitutive activation, on the other hand, decreases the melanogenic effect promoted by the cAMP signaling. The mechanisms by which Rho regulates tyrosinase expression remain puzzling. P160 ROCK does not seem to affect tyrosinase expression (our unpublished observations), suggesting that some other Rho targets mentioned above could mediate the effect of Rho on melanogenesis. Up to date, a clear role of Rho in cell differentiation has not been stated; however, Rho has been recently implicated in early thymic development (Henning et al., 1997) and Hill et al. (1995) have shown that it plays a role in growth control and mitogenesis. Hence, from our results, we may propose that Rho inhibition would result in a decreased cell growth and would commit the melanocyte cell in its differentiation program, thereby leading to the up-regulation of melanogenesis. It is worth mentioning that the involvement of Rho in tyrosinase regulation is less pronounced compared with its role on cytoskeleton rearrangements during B16 cell differentiation. While CNF or Rho-V14 overexpression completely block the dendritic effect of cAMP-elevating agents, Rho constitutive activation modestly decreases the tyrosinase stimulation promoted by these agents. This result suggests that Rho can participate in the mechanisms activated by cAMP to induce melanogenesis. The regulation of this molecular event, however, is probably constituted by a complex system involving several other signaling pathways, such as the PI3-K/p70 S6K pathway and/or the MAP kinase cascade, as we have previously reported (Englaro et al., 1995; Buscà et al., 1996) . According to our results, the cAMP pathway inhibits Rho to promote stress fiber disruption and dendrite formation in the melanocyte cell system. However, the molecular events connecting cAMP up-regulation to Rho remain to be elucidated. We have previously demonstrated that cAMP inhibits PI3-K and that PI3-K inhibition induces dendrite formation in these cells. Even though there is currently no demonstration that PI3-K activates Rho, we have to take into account that PI3-K can activate Rac (Hawkins et al., 1995) . In addition, Rac has been shown to activate Rho (Nobes and Hall, 1995) . Considering these elements, we can propose a model to explain possible mechanisms of cAMP induction of melanocyte differentiation (Figure 8 ) in which cAMP would trigger a sequential inhibition of PI3-K, Rac, Rho, and P160
ROCK that would lead to stress fiber disassembly. The relaxation of the actin cytoskeleton would allow other cytoskeleton rearrangements involving the microtubular network to induce dendrite outgrowth. Concomitantly, Rho inhibition by cAMP might be partially responsible for the increased tyrosinase expression and melanogenesis induction. The fine coordination of both events would cooperate to promote the distribution of melanin.
In the absence of a reliable technique to examine the nucleotide state of Rho, we could not demonstrate the inhibition of this small GTP-binding protein by cAMP. Thus, we cannot definitively rule out the possibility that the effects of cAMP on actin organization are mediated by parallel pathways and that Rho constitutive activation overrides these effects. Nevertheless, in this report we have gathered compelling results that strongly suggest that cAMP inhibits stress fibers through Rho inactivation. Which molecules act between cAMP and Rho as well as which other cAMP targets are involved in B16 cell dendricity constitute major questions that will require further and accurate research. ROCK results in MLCK inactivation. Inactive MLCK does not phosphorylate MLC, thus impairing myosin binding to actin and preventing actin bundling in stress fibers. The retraction of stress fibers would lead to other cellular events, depending on the microtubular network, to promote the final dendrite outgrowth in B16 melanoma cells. At the same time, inactive Rho would cooperate with other molecular mechanisms in the induction of tyrosinase expression leading to melanogenesis. AC, adenylyl cyclase; FK, forskolin; PKA, protein kinase A; PI3-K, phosphatidylinositol 3-kinase; MLCK, myosin light chain kinase.
